The ability to selectively perceive and flexibly attend to relevant sensory signals in the environment is essential for action control. Whereas neuromodulation of sensory or attentional processing is often investigated, neuromodulation of interactive effects between perception and attention, that is, high attentional control demand when the relevant sensory information is perceptually less salient than the irrelevant one, is not well understood. To fill this gap, this pharmacological-electroencephalogram (EEG) study applied an intensity-modulated, focusedattention dichotic listening paradigm together with temporal EEG signal decomposition and source localization analyses. We used a double-blind MPH/placebo crossover design to delineate the effects of methylphenidate (MPH)-a dopamine/norepinephrine transporter blockeron the resolution of perceptual-attentional conflicts, when perceptual saliency and attentional focus favor opposing ears, in healthy young adults. We show that MPH increased behavioral performance specifically in the condition with the most pronounced conflict between perceptual saliency and attentional focus. On the neurophysiological level, MPH effects in line with the behavioral data were observed after accounting for intraindividual variability in the signal. More specifically, MPH did not show an effect on stimulus-related processes but modulated the onset latency of processes between stimulus evaluation and responding. These modulations were further shown to be associated with activation differences in the temporoparietal junction (BA40) and the superior parietal cortex (BA7) and may reflect neuronal gain modulation principles. The findings provide mechanistic insights into the role of modulated dopamine/norepinephrine transmitter systems for the interactions between perception and attention.
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| INTRODUCTION
The ability to selectively perceive and flexibly attend to relevant sensory signals in the environment is essential for action control in everyday life.
Often, there are competitions between a multitude of sensory inputs and it has been suggested that cognitive control processes are demanded in such situations (Desimone & Duncan, 1995; Knudsen, 2007) . A well-known example of such a situation is the "cocktail party effect" (Cherry, 1953) , in which focused auditory information processing becomes particularly challenging because of the multitudes of background sounds. Whether one sensory input wins the competition in such situations depends on interacting factors: One factor refers to the relative saliency of the input and another factor refers to mechanisms that selectively focus attention on specific sensory inputs (Beste, Arning et al., 2018; Beste, Wascher, Dinse, & Saft, 2012; Beste, Wascher, Güntürkün, & Dinse, 2011; Desimone & Duncan, 1995; Knudsen, 2007; Li & Rieckmann, 2014; Passow et al., 2014; Störmer, Li, Heekeren, & Lindenberger, 2011) . Attentional control demands are low when Shu-Chen Li and Christian Beste shared senior authorship.
perceptual information is salient and task relevant, but the demands are high when the task irrelevant perceptual information is more salient than the relevant one (Passow et al., 2014; Tallus, Hugdahl, Alho, Medvedev, & Hämäläinen, 2007; Westerhausen et al., 2009 ).
Various neurotransmitter systems are known to modulate attention (Thiele & Bellgrove, 2018 ). Here we focus on the catecholaminergic modulation of the interaction between perception and attention.
Several lines of evidence suggest that the DA system not only affects top-down attentional control processes (Noudoost & Moore, 2011b; Sarter, Albin, Kucinski, & Lustig, 2014; Sarter, Gehring, & Kozak, 2006) (Colzato, Pratt, & Hommel, 2010; Colzato, Slagter, de Rover, & Hommel, 2011) , but also modulates bottom-up perceptual processes (Bao, Chan, & Merzenich, 2001; Noudoost & Moore, 2011a; Ziegler, Pedersen, Mowinckel, & Biele, 2016) , possibly by improving the signal-to-noise ratio (SNR) of sensory input (Kroener, Chandler, Phillips, & Seamans, 2009; Yousif et al., 2016) . This modulation of the SNR is considered to reflect neuronal gain control mechanisms (Li, Lindenberger, & Sikström, 2001; Servan-Schreiber, Printz, & Cohen, 1990; Yousif et al., 2016; Ziegler et al., 2016) . Increasing gain control can be conceptualized as amplifying an information processing system's responsivity to input signals from multiple levels, for example, from the sensory level (Salinas & Thier, 2000) . Aside the dopaminergic system, the norepinephrine system has also been shown to modulate gain control mechanisms Nieuwenhuis, Aston-Jones, & Cohen, 2005) . Both, the dopamine and norepinephrine system, are therefore important to consider when trying to provide causal mechanistic insights into the neuromodulatory regulation of the interactions between attention and perception.
Methylphenidate (MPH) is a well-suited compound for this goal, because it acts as a mixed dopamine/norepinephrine transporter blocker, thus increasing dopamine and norepinephrine levels (Faraone, 2018; Skirrow et al., 2015; Volkow et al., 1999) . We employed an intensity-modulated, focused-attention dichotic listening paradigm (Passow et al., 2014; Westerhausen et al., 2009) , in which perceptual saliency of stimuli and the attentional focus were manipulated independently to investigate the interaction between auditory perception and attention. Optimal DA levels play an important role in the resolution of conflicts (Botvinick, 2007; Colzato, Sellaro, Hulka, Quednow, & Hommel, 2014) and the same has been suggested for norepinephrine levels (Mückschel, Chmielewski, Ziemssen, & Beste, 2017; Warren & Holroyd, 2012; Warren, Tanaka, & Holroyd, 2011) . Consequently, at the behavioral level, a differential effect between drug (MPH) and placebo (i.e., a drug-placebo effect) is expected to be reflected in reaction times and/or performance accuracy. More specifically, under MPH administration reaction times are hypothesized to be shorter together with higher performance accuracy under conditions of high perceptual-attentional conflicts compared to placebo administration.
Less or no effects of MPH versus placebo are expected for conditions with low or no perceptual-attentional conflicts. A further important aspect to consider is at which stage of the processing cascade the effects of drug modulations are most apparent. We do so by combining electroencephalogram (EEG) signal decomposition approaches and source localization analyses.
Previous research has shown that event-related potentials (ERPs) reflecting perceptual-attentional conflict resolution are modulated during auditory processing in an intensity-modulated, focused-attention dichotic listening task (Li et al., 2013; Passow et al., 2014) . In particular, it has been suggested that dopamine modulates ERP components reflecting early sensory selection, such as N1 (Herrmann & Knight, 2001) , and late conflict resolution stages, such as N450 (Bluschke, von der Hagen, Papenhagen, Roessner, & Beste, 2017; Li et al., 2013) . The N450 has been suggested to be sensitive to attentional control demands and is stronger when perceptual-attentional conflicts are high (Larson, Clayson, & Clawson, 2014; Liotti, Woldorff, Perez, & Mayberg, 2000; Passow et al., 2014; West, 2004; West & Alain, 1999) . Relative to situations with low conflicts which demand less top-down attentional control, high perceptual-attentional conflicts may increase the amplitude of N450 (Passow et al., 2014) . This modulation effect may be stronger under MPH compared to placebo.
However, these ERP correlates of conflict control have been shown to reflect a mixture of different information contents (codes), that is, perception, response selection as well as processes that "translates" perception into action during the resolution of processing conflicts (Folstein & Van Petten, 2008; Mückschel, Chmielewski et al., 2017) . Notably, these intermingled codes show very specific correlations with the norepinephrine system and it has been shown that MPH specifically modulates distinct cognitive subprocesses during the translation of sensory input to the appropriate response (Beste, Adelhöfer et al., 2018) . Therefore, only specific subprocesses during the resolution of perceptual-attentional conflicts are modulated by MPH. Previous work indicating very specific effects of the NE system during processes related to conflict monitoring ) used a specific EEG signal decomposition technique-residue iteration decomposition (RIDE) (Ouyang, Herzmann, Zhou, & Sommer, 2011; Ouyang, Sommer, & Zhou, 2015a) . Although, RIDE was developed to account for intraindividual variability in EEG data (Ouyang et al., 2011; Ouyang et al., 2015a) , it can be applied to distinguish coexisting coding levels that occur during conflict monitoring Mückschel, Dippel, & Beste, 2017; Schreiter, Chmielewski, & Beste, 2018; Wolff, Mückschel, & Beste, 2017) . RIDE decomposes the EEG signal in three clusters (Ouyang et al., 2011; Ouyang et al., 2015a) : The S-cluster refers to stimulus-related processes (e.g., sensory encoding, sensory attention, and perception), the R-cluster refers to response-related processes (e.g., motor execution) and the C-cluster refers to intermediate processes between S and R (e.g., top-down attentional control and response selection). For the resolution of perceptual-attentional conflicts, it is likely that the S-cluster reflects effects of MPH because this cluster captures perceptual and attentional processes (Ouyang et al., 2015a) . In contrary, the R-cluster does not reflect effects of MPH treatment, because this cluster captures movement-related processes, which are not critical given the experimental manipulations.
Notably, the C-cluster is also crucial to consider regarding MPH effects of perceptual-attentional conflicts: The reason is that stimulus-response translation processes reflected by the C-cluster have been shown to be modulated during conflict resolution processes Ziegler et al., 2016) as well as the norepinephrine system (AstonJones & Cohen, 2005; Mückschel, Chmielewski et al., 2017) have been shown to affect task context representation, task-related decision, or response selection processes during the resolution of processing conflicts. Moreover, modulations of the C-cluster are associated with the inferior parietal cortex (temporoparietal junction, TPJ, BA40) and the superior parietal cortex (BA7) (Bodmer & Beste, 2017; Wolff et al., 2017) . A major function of the TPJ is to update internal models or tasks representations of the current environmental context based on sensory information (Dippel, Chmielewski, Mückschel, & Beste, 2016; Geng & Vossel, 2013; Seghier, 2013; Serences et al., 2005) , which requires the resolution of perceptual-attentional conflicts (Labrenz et al, 2012) . Together, we hypothesize that MPH modulates C-cluster amplitudes or latencies during the resolution of perceptual-attentional conflicts. We expect that higher dopamine/norepinephrine levels induced by MPH administration will either increase C-cluster amplitudes, and/or increases the efficacy of the processes, for example, by shortening C-cluster latencies. These modulatory effects are then hypothesized to be associated with inferior parietal structures encompassing the TPJ (BA40).
| METHODS

| Participants
A total of 24 right-handed, healthy young participants (12 females; mean age 23.38, SD 2.4) participated in two EEG sessions. Only participants who did not have neurological or psychiatric disorders and did not take medications regularly were included in the study. A test of hearing acuity using a pure-tone audiometer (MAICO MA 33 KL; Diatec Diagnostics GmbH, Dortmund, Germany) ensured that none of the participants had hearing thresholds above 35 dB HL at the frequencies 250, 500, 1,000, 2,000, and 3,000 Hz and/ or interaural hearing threshold differences greater than 10 dB (Passow et al., 2012) . Participants were informed about the procedure and goals of this experiment and gave written informed consent. The study was approved by the local Ethics Committee of TU Dresden and the study was carried out according to the Declaration of Helsinki. ). After completion of the second appointment, all participants received monetary compensation. After each testing session, the participants were asked to guess whether they received MPH or placebo.
| MPH administration
| Task
Participants completed an intensity-modulated and focused-attention dichotic listening task (Passow et al., 2014; Westerhausen et al., 2009) programmed in E-Prime (Version 2.0; Psychology Software Tools, Inc.). The experimental stimuli consisted of six different consonant-vowel (CV) syllables recorded from a young adult male speaker with constant intonation and intensity. Two either voiced (/ba/, /da/, /ga/) or unvoiced (/pa/, /ta/, /ka/) CV syllables were presented dichotically to both ears. Only syllables with the same voicing were combined, resulting in 12 different dichotic syllable pairs. The two syllables were temporally synchronized to have the same onset times for the left ear (LE) and right ear (RE) channels. The stimuli were presented using insert earphones (ER 3A Insert Earphone; Etymotic Research, Inc., Elk Grove Village, IL). Stimulus intensities were adjusted individually by adding a constant of 65 dB to the mean hearing threshold of the LE and RE at 500 Hz. In addition, the LE stimulus intensity was reduced by 15 dB in one-third of the trials. Likewise, the RE stimulus intensity was also reduced by 15 dB in another third of the trials. This resulted in an experimental manipulation of the perceptual saliency of the auditory inputs in three levels (Passow et al., 2014) , with one condition favoring the LE (LE + 15 dB > RE), one favoring the RE (RE + 15 dB > LE) and a neutral condition with equal input intensity for both ears (LE = RE). In addition, we manipulated the attentional focus by instructing the participants to either report the syllable of the LE-channel (focused-left; FL) or the RE-channel (focused-right; FR). The combination of both manipulations led to conditions of perceptual-attentional conflict (stimulus intensity and attention favor opposing ears) and no perceptual-attentional conflict (stimulus intensity and attention favor the same ear). Participants also completed a neutral-focus (NF) condition in which they should attend to both ears and report the syllable they heard most clearly.
Participants responded using a standard PC keyboard (QWERTZlayout) with specially marked keys for each syllable (d, f, g, j, k, l for /ba/, /da/, /ga/, /pa/, /ta/, /ka/, respectively). Correct responses were registered if the key pressed matched the syllable presented to the attended ear (FR or FL) or one of the ears (NF). Reaction times were measured after the offset of the spoken syllables. Each trial started with a screen presenting the response alternatives, that is, six CV syllables. After a jittered interval of 1,000-1,500 ms, the dichotic CV syllables (500 ms) were presented followed by the response interval (2,000 ms). Thus, the intertrial interval varied between 3,500 and 4,000 ms. Each of the 12 dichotic syllable pairs was presented six times for each of the three perceptual saliency conditions, resulting in a total of 216 intensity stimulus pairs for each attention focus condition which were further split into four testing blocks of 54 trials each. The NF blocks were presented separately before the focused blocks to avoid carry-over effects (Hiscock & Stewart, 1984) . The presentation order of the focusedattention blocks was counterbalanced across subjects, that is, ABBA-BAAB or BAABABBA (A = FL, B = FR). The trial order in each block was pseudorandom and this pseudorandom sequence was kept constant for all participants. Between the blocks, participants could decide via button press when they wanted to continue. The experiment took 40 min. To familiarize the participants with the task, 15 NF practice trials were presented before the experiment.
| EEG data acquisition and analysis
EEG data were recorded at 500 Hz from 60 Ag-AgCl electrodes which were placed in an equidistant setup. An electrode at position FPz served as the reference electrode. The impedance of all electrodes was kept below 5 kΩ. Off-line EEG data processing was performed using the Brain Vision Analyzer software (Version 2; Brain Products GmbH). First, we applied a band-pass filter (0.5-20 Hz; 48 dB/oct). In the next step, a raw data inspection was conducted to identify parts of the EEG that were contaminated by technical artifacts. Parts of the EEG that contained gross technical artifacts were manually rejected before further analyses were conducted. Channels showing no activity were also removed from the EEG and interpolated after the independent component analysis (ICA, infomax algorithm) was conducted. The ICA identified independent components revealing blinks, horizontal eye movements and pulse artifacts. The components were discarded before back-projection of the data was conducted. For the analysis of ERPs, the data were segmented and locked to stimulus onset. The segments lasted from 100 ms prestimulus onset to 1,300 ms poststimulus onset, which result in a total interval length of 1,400 ms. Only trials with correct responses were segmented. Then, an artifact rejection procedure was applied (maximal allowed voltage step: 50 μV/ms; maximal allowed difference of values in 200 ms intervals: 200 μV; lowest allowed activity in 100 ms intervals: 0.5 μV). This artifact rejection procedure eliminated 15 (AE10) trials. All remaining segments subsequently underwent a current source density transformation of the data, which yields a reference-free version of the data and acts as a spatial filter (Nunez & Pilgreen, 1991) . As a result, the unit of the electrophysiological data is μV/m 2 . In a last preprocessing step, data in the segments were baseline corrected (100 ms prestimulus onset until stimulus onset). Afterward, the segments were averaged for each condition separately on a singlesubject level. Grand average waveforms were then calculated for each condition. These were used to identify relevant electrodes that reflected the different ERP components. The ERP components were quantified in the following time windows and electrode sites: Concerning the P1 and N1 components, mean amplitude values were quantified at the electrodes C5 and C6 in the time ranges 60-80 and 120-150 ms, respectively. The P2 component was quantified at electrode Cz and FCz in the time interval between 180 and 220 ms. The N2 component was quantified at the electrodes Cz and FCz in the time range 300-320 ms. Mean amplitude values for the N450 ERP component were quantified at the electrode Cz in the time range 400-450 ms. Of note, the choice of electrodes and search intervals mentioned above was validated using statistical methods (Mückschel, Stock, & Beste, 2014) : The extraction of the amplitude was conducted for all 60 electrodes in each of the mentioned search intervals. To compare each electrode against the average of all other electrodes, Bonferroni correction was applied for multiple comparisons (critical threshold p = .0007). Only the electrodes solely exhibiting significantly larger mean amplitudes (i.e., negative for N-potentials and positive for the P-potentials) compared to the remaining electrodes were chosen. It is important to note that this procedure revealed the same electrodes as identified in the visual inspection of the data.
| Residual iteration decomposition
As outlined in Section 1, we perform RIDE according to established protocols (Verleger, Metzner, Ouyang, Śmigasiewicz, & Zhou, 2014) and the RIDE toolbox (manual available on http://cns.hkbu.edu.hk/RIDE.htm) to account for intraindividual variability in the data (Ouyang et al., 2011) and to dissociate between different coding levels that are otherwise intermingled in classical ERP components (Chmielewski, Mückschel, & Beste, 2018; Mückschel, Chmielewski et al., 2017) . Mathematical details on the RIDE method can be found in Ouyang et al. (2011) . The spatial filter properties of the surface Laplacian transform do not violate assumptions of RIDE (Ouyang et al., 2015a) . RIDE decomposes the ERP signal in three clusters; the S-cluster, the C-cluster, and the R-cluster. The S-cluster and the R-cluster are time locked to the stimulus onset or response onset, respectively. The C-cluster reflects processes that are neither fully stimulus locked or response locked. To improve the latency estimation of the C-cluster, RIDE uses a self-optimized iteration scheme. In the RIDE algorithm, the initial latency of the C-cluster is estimated using a time window function. In an iterative procedure, the S-cluster is removed, and the latency of the C-cluster is reestimated based on a template matching approach until convergence of the initial latency estimation of the S-and C-cluster. Full mathematical details of the RIDE procedure, can be found in methodological papers on the RIDE procedure (Ouyang et al., 2011; Ouyang et al., 2015a) . RIDE uses a time window function to extract the waveform of each RIDE component. Each time window is assumed to cover the range within each component is supposed to occur (Ouyang et al., 2015a) . For the present study, this was from 100 ms prior target to 500 ms after target stimulus for the S-cluster, from 100 to 800 ms after target stimulus for the C-cluster and AE300 ms around the response trigger for the R-cluster. For the R-cluster, the response needs to be part of the epoch and around 95% of all responses were carried out within the epoch.
For data quantification, a visual inspection of the data was performed, which was also followed by the statistical validation procedures described for the ERP-component data. The S-cluster was quantified at electrodes C5 and C6. At electrodes C5 and C6, the mean amplitude in the P1 time window was quantified in the time interval from 60 to 80 ms, and in the N1 time window in the time interval from 130 to 150 ms in all experimental conditions. The S-cluster in the P2 time window was quantified at electrode Cz in the time interval between 180 and 220 ms. The S-cluster in the N2 time window was quantified at electrode Cz in the time interval between 300 and 320 ms and for the N450 time window in the interval between 400 and 450 ms. The C-cluster was also examined at electrode Cz in the time interval between 210 and 380 ms. We used the same statistical validation procedure as used for the ERP data. This procedure confirmed this choice of electrodes and time windows.
| Source localization analysis (sLORETA)
Source localization analyses were carried out for the RIDE-decomposed data using standardized low resolution brain electromagnetic tomography (sLORETA); (Pascual-Marqui, 2002) . Only the C-cluster RIDE data were used in the source localization step because the standard ERP data did not reveal reliable effects explaining the behavioral data and also the other RIDE clusters did not reveal interactions explaining the behavioral data (please refer to Section 3). sLORETA needs a prespecification of the used electrodes that is based on standard coordinates according to the 10/10 or 10/20 system. The validity of sources estimated via sLORETA analysis using standard (i.e., not coregistered/measured) electrode coordinates has been corroborated by evidence from fMRI and EEG/TMS-studies (Dippel & Beste, 2015; Sekihara, Sahani, & Nagarajan, 2005) . This algorithm used in sLORETA provides a single linear solution for the inverse problem without localization bias (Marco-Pallarés, Grau, & Ruffini, 2005; Sekihara et al., 2005) . For source localization, the computation of the standardized current density at each voxel was executed using the MNI152 template (Fuchs, Kastner, Wagner, Hawes, & Ebersole, 2002) . The sLORETA images (partitioned into 6,239 voxels at 5 mm spatial resolution) of the intracerebral volume were contrasted between MPH and placebo conditions by means of statistical nonparametric mapping utilizing the built-in sLORETA voxel-wise randomization test with 2,000 permutations (p < .01, corrected for multiple comparisons). Significant differences between voxels in contrasted conditions were then located and plotted in the MNI brain (www.unizh.ch/keyinst/ NewLORETA/sLORETA/sLORETA.htm).
| Statistical analysis
In order to analyze perceptual-attentional conflict effects, trials in which higher stimulus saliency and attentional focus are congruent (on the same ear) are analyzed as nonconflict trials and trials with perceptual and attentional focus on opposing ears as conflict trials. Separate mixed effects ANOVAs were then calculated for hit rates and reaction times. For each ANOVA, the two-level within-subject factors "placebo/drug," "conflict/nonconflict," and "attention side" were included. Greenhouse-Geisser correction was applied for all analyses and post hoc tests were Bonferroni corrected (p < .05). The analyses were carried out using SPSS 22.
| RESULTS
| Behavioral data
The behavioral data are shown in Figure 1 . The ANOVA of the hit rates revealed significant main effects for all within-subject factors.
The main effect "placebo/MPH" showed that participants responded more accurately on MPH (57.4 AE 4.5%) than on placebo Importantly, there was a significant three-way interaction "placebo/MPH × conflict/nonconflict × attention side" (F(1,23) = 6.11; p = .021; η p 2 = .210). Post hoc tests showed that significant differences between placebo and MPH sessions were only evident in FL conflict condition when attention needed to be focused on the less salient stimuli presented to the LE (t(23) = 3.83, p = .001) with the average level of correct responses being higher after taking MPH (36.5 AE 9.3%) than under placebo (30.6 AE 3.8%). No significant MPH effects were found in all other conditions (all t's ≤ 1.14; p's ≥ .266).
No other interactive effects were found (all F(1,23) ≤ 2.47; p ≥ .129; η p 2 ≤ .097).
The ANOVA on reaction times shows a significant main effect for the "conflict/nonconflict" factor (F(1,23) = 82.71; p < .001; η p 2 =
.782), with faster reaction times in nonconflict trials (501 AE 63 ms) than in conflict trials (733 AE 84 ms). No other main or interaction effects were significant (all F ≤ 1.86; p ≥ .186; η p 2 ≤ .075).
| Neurophysiological data 3.2.1 | Standard ERP analysis
Early ERP components reflecting perceptual gating and bottom-up feature-based attentional selection processes were affected by the was driven by the MPH condition. Therefore, the observed P1 effect cannot reliably be interpreted or regarded to reflect a neuronal process able to explain the observed behavioral effects.
Concerning the N1 ERP component, a main effect "electrode"
was found (F(1,23) = 24.96; p < .001; η p 2 = .520) with amplitudes being more negative at electrode C5 (−16.36 AE 2.34 μV/m 2 ) than at electrode C6 (−9.64 AE 2.56 μV/m 2 ). Also, a three-way interaction "electrode × conflict/nonconflict × attention side" was observed 
| RIDE analysis
S-cluster
The S-cluster revealed highly similar results than the original ERP data, especially in the P1 and N1 time ranges. That is, there was no interaction "placebo/MPH × conflict/nonconflict × attention side" driven by the MPH condition and which would therefore be able to explain the behavioral effects reported above. The detailed results are shown in the Supporting Information, including a figure on the S-cluster data.
The reason why the S-cluster is highly similar to the standard ERP data especially in the P1/N1 time range is that RIDE makes use of variability in the data (Ouyang et al., 2015a) . As pointed out in previous studies, exogenous components (like the P1 or N1) are more closely time locked to stimulus onsets, whereas later endogenous components, are more variable in latency (Ouyang, Schacht, Zhou, & Sommer, 2013 ). The consequence is that RIDE-decomposed data are highly similar to standard ERP data in the P1 and N1 time range. In fact, it has been shown several times that processes occurring later in time-processes that reflected by the C-cluster-show considerable differences to original ERP data (Bluschke, Chmielewski et al., 2017; Chmielewski et al., 2018; Mückschel, Chmielewski et al., 2017; Ouyang, Hildebrandt, Sommer, & Zhou, 2017; Ouyang, Sommer, & Zhou, 2015b) . This is also shown in the present study, as outlined below.
C-cluster
The grand average waveforms for the different conditions based on temporally decomposed data in the C-cluster are shown in Figure 3a .
The difference waves (i.e., the effect of MPH treatment vs. placebo) in the conflict and nonconflict conditions for FL and FR attention condition are shown in Figure 3b . As can be seen in Figure 3b , the difference wave was positive in the conflict FL attention condition between~210
and 380 ms, while this was not the case in all the other conditions.
Quantifying the mean amplitude of the C-cluster in this particular time window for all conditions, the repeated measures ANOVA revealed an interaction "placebo/MPH × conflict/nonconflict × attention side" (F suggests that the C-cluster reflects neuronal processes able to explain the observed behavioral effects. The sLORETA analysis suggests the difference in the magnitude of drug effects between experimental conditions was associated with activation differences in the left inferior parietal cortex including the TPJ (BA40) and the superior parietal cortex (BA7). Figure 3c shows the C-cluster data in the different experimental conditions (i.e., no difference waves). As can be seen, there seem to be shifts in the latency of the C-cluster data in the time window from 200 to 400 ms for FL conflict condition between the MPH and the placebo condition. No such latency differences seem to be evident for the other conditions. Therefore, the different onset latencies of the C-cluster components might drive the observed amplitude effects described above. To examine this, we estimated the onset latency of the negative-going C-cluster in the time window from 200 to 400 ms.
As an onset, we defined the time point where 50% of the maximum negative amplitude of the C-cluster at electrode Cz is reached (Kiesel, Miller, Jolicur, & Brisson, 2008) . To allow a reliable estimation of the onset latency for each individual subject, we applied a jack-knifing procedure (Miller, Patterson, & Ulrich, 1998) . Since the jack-knifing procedure leads to a massive reduction of variance in the electrophysiological data, these F-values were adjusted using the method described by Ulrich and Miller (2001) . The results show a significant drug effect on onset latencies specifically for the FL conflict condition (F c (1,23) = 6.97; p = .015). The onset latency was significantly shorter in the MPH treatment (259 AE 3 ms) than the placebo condition (352 AE 1 ms). There were no onset latency differences between MPH and placebo in all other conditions (all F c 's ≤ 0.29; p ≥ .595). Therefore, MPH selectively acts on the time course of processes in the central cluster when participants had to focus on the LE but stimulus intensity is higher on the RE. However, there was no linear correlation between this C-cluster parameter and behavioral performance in this task (r = .235; p > .213).
R-cluster
No effects were found in the R-cluster (see Figure 2 , Supporting Information). Mean amplitudes were calculated in the time range of the mean RT for each condition AE30 ms and subjected to an ANOVA.
This ANOVA revealed no significant effects (all F ≤ 2.99; p ≥ .097; η p 2 ≤ .115), that is, motor response-related processes are likely not modulated by the side of focus (LE vs. RE), presence of perceptualattentional conflict (conflict vs. nonconflict) or drug effects (MPH vs. placebo).
| Analysis of drug administration order effects and cross-validation of the data
An analysis of the ratings (whether subjects thought that they received placebo or MPH) revealed that they did not differ from chance level (p > .6). Thus, the participants' awareness of getting MPH/placebo does not contribute to the pattern of results.
As outlined in Section 2, the order of placebo or MPH administration was counterbalanced across subjects. However, to rule out whether the order still had an effect on the behavioral as well as the neurophysiological data results, we added the factor "order of drug administration" to the above outlined ANOVAs. The results were not affected by adding this factor at the behavioral level and the neurophysiological level (standard ERPs and RIDE data). There were no main or interactions effects with this factor, which was the case for the ERP data and the RIDE decomposed data (all F ≤ 0.99; p ≥ .541; η p 2 ≤ .015). Importantly, this analysis including the testing order provides a first cross-validation of the results since the pattern of results was stable even when accounting for different testing orders.
To further cross-validate the results, we splitted the data set into two subgroups using their participant numbers assigned during the data collection. Using these created subgroups (N = 12 for the "even"
and N = 12 for the "odd" subgroup) as a factor in the statistical analyses, there were no main or interactions effects with this factor. This was the case for the ERP data and the RIDE decomposed data (all F ≤ 1.01; p ≥ .521; η p 2 ≤ .016). Importantly, all other effects remained the same. It needs to be stressed that this procedure reduces SNR in the data. Therefore, we performed an additional cross-validation in which we split the trial data into odd-numbered versus evennumbered trials to examine whether the effects are still consistent.
The analysis showed that this was the case, because there was no effect of odd/even trial numbers (all F ≤ 0.95; p ≥ .588; η p 2 ≤ .010).
The reliability estimate using Spearman-Brown correlation analyses revealed high reliability of odd/even trials. Depending on time window, the correlations were r = .78 to r = .81 (p < .001). This underlines the reliability of the data.
As outlined above, the interaction "placebo/MPH × conflict/nonconflict × attention side" obtained for the C-cluster data showed an effect size η p 2 = .208. A power analysis using this effect size revealed a power above 96%.
| DISCUSSION
The ability to selectively perceive and flexibly attend to relevant sensory signals amidst a plethora of other irrelevant competing information in the environment is essential for adaptive behavior in everyday life and cognitive control processes play an important role in such situations (Desimone & Duncan, 1995; Knudsen, 2007) . Conflicts can occur between perceptual and attentional processes at multiple levels, for example, between competing sensory sources and sensory feature-based attention or executive attention that is important for maintaining task contexts, stimulus-response rules or response selections. In the present study, we investigated the modulatory effect of MPH on the resolution of perceptual-attentional conflicts using an intensity-modulated and focused-attention dichotic listening task (Passow et al., 2014; Westerhausen et al., 2009) the data suggest that increased dopamine/norepinephrine levels enhance the resolution of perceptual-attentional conflicts. However, drug effects on conflict resolution were only evident in FL when the low intensity (less salient), but behaviorally relevant stimulus was presented to the LE. Previous research revealed that modulatory effects on the dopamine system depend on task demands (Cools & D'Esposito, 2011) . Reporting the LE or RE stimulus in dichotic listening tasks requires different cognitive effort. More specifically, due to the inbuilt RE advantage for verbal information reflecting the lefthemispheric dominance for processing speech material (Hugdahl & Davidson, 2003) reporting the LE stimulus is more demanding than reporting the RE stimulus (Westerhausen & Kompus, 2018) . Thus, in the paradigm used here, the FL conflict condition, that is, when the perceptually less salient syllable on the LE needs to be attended while the louder irrelevant auditory input on the RE needs to be suppressed, requires more top-down attentional control than the FR conflict condition. This condition-related difference in cognitive demand is also reflected by generally lower accuracy in FL compared to FR condition.
Thus, MPH only fosters the resolution of perceptual-attentional conflicts in conditions requiring highest cognitive demand. Previous results also suggest that the functional cerebral architecture and functional cerebral asymmetries modulate cognitive control processes (Beste, Arning et al., 2018; Ocklenburg, Güntürkün, & Beste, 2011) .
The current data suggests that this interrelation also modulates the effects of drugs supposed to target the efficacy of cognitive control processes.
The EEG data provide insights into the cognitiveneurophysiological processes that are modulated by MPH during the resolution of perceptual-attentional conflicts. The N2 and N450 ERP components have been suggested to reflect conflict monitoring and resolution processes, respectively (Larson et al., 2014; Liotti et al., 2000; Passow et al., 2014; West, 2004; West & Alain, 1999) . Whereas we observed conflict-related modulation of these components, notably these ERP components did not reveal an interaction "placebo/ MPH × conflict/nonconflict × attention side", which is inconsistent with the result found at the behavioral level. Only main effects of "conflict/nonconflict" were obtained for the N2 and N450 ERP components, indicating that the amplitudes of these components were more negative in conflicting than nonconflicting conditions, which is in line with previous results (Larson et al., 2014; Liotti et al., 2000; Passow et al., 2014; West, 2004; West & Alain, 1999) . Based on these ERP data, it may seem that conflict monitoring processes were not affected by MPH effects. However, it needs to be noted that these correlates of conflict resolution have been shown to reflect a mixture of processes at different levels; that is, perceptual processes and response selection processes in particular (Folstein & Van Petten, 2008; Mückschel, Chmielewski, et al., 2017) . These intermingled coding levels have been shown to be separable by applying RIDE Mückschel, Dippel et al., 2017; Wolff et al., 2017) .
In our further analyses using RIDE, no interaction effects in line with the behavioral data were obtained for the S-cluster, which suggests that stimulus-related processes during the resolution of perceptual-attentional conflicts are not affected by MPH. Interestingly, interactive effects in line with the behavioral data were obtained for the C-cluster in the window between~210 and 380 ms. We observed that MPH modulates the onset latency and the amplitude of the C-cluster, specifically, in the most demanding FL conflict condition. Here, the onset latency of the C-cluster was shorter after administering MPH, than under placebo. No such drug effects were evident in the remaining experimental conditions. The shift in latency also underlies the differences in the magnitude of drug effects in the FL conflict condition compared to all other experimental conditions, which are associated with source activation differences in the left inferior parietal lobe (BA40) and left superior parietal lobe (BA7). Previous fMRI results using a similar version of the intensity-modulated, focused-attention dichotic listening paradigm revealed dynamic BOLD response modulation in response to perceptual-attentional conflict in a network including the inferior parietal lobe (Falkenberg, Specht, & Westerhausen, 2011) . The source localization findings can be interpreted as such that MPH accelerates cognitive-neurophysiological processes associated with BA40 as well as BA7 and therefore enhances the resolution of perceptual-attentional conflicts or the use of sensory information during response selection processes. Recent results suggest that MPH fosters the efficacy of sensory evidence accumulation (Beste, Adelhöfer et al., 2018) , probably because it modulates the SNR of incoming sensory information or the sensitivity of the neuronal system to processes incoming sensory information (Li et al., 2001; Servan-Schreiber et al., 1990 ). The C-cluster has been suggested to reflect stimulus-response mapping or the decision process between stimulus evaluation and responding (Verleger et al., 2014; Wolff et al., 2017) and has previously been shown to be associated with functions of the left inferior and superior parietal lobes (BA40 and BA7) (Bodmer & Beste, 2017; Wolff et al., 2017) . For such decision processes it is generally important to effectively accumulate evidence to update internal (task set) representations that guide forced choice responses. Notably, it has been proposed that a major function of the inferior and superior parietal lobe is to update internal models or tasks representations of the current environmental context based on new sensory information (Dippel et al., 2016; Geng & Vossel, 2013; Seghier, 2013; Serences et al., 2005) . The superior parietal lobe has been shown to become involved in cognitive control processes whenever sensory information is complex and probably difficult to categorize but essential for behavioral control (Fokin et al., 2008; Ocklenburg et al., 2011; Takeichi et al., 2010) . On the basis of these findings it is consistent that BA40 and BA7 were found to be associated with differences in the magnitude of drug effects during the resolution of perceptual-attentional conflicts. As MPH acts as a mixed dopamine/norepinephrine transporter blocker (Skirrow et al., 2015; Volkow et al., 1999) , modulations of the dopaminergic system and the norepinephrine system may underlie these effects in parietal regions.
Both the dopamine system (Li et al., 2001; Servan-Schreiber et al., 1990; Yousif et al., 2016; Ziegler et al., 2016) underlying the resolution of perceptual-attentional conflicts.
Several lines of evidence suggest that the dopaminergic system, which MPH also targets, regulates the SNR of neural information processing; that is, it affects gain modulation principles (Li et al., 2001; Servan-Schreiber et al., 1990; Yousif et al., 2016; Ziegler et al., 2016 ).
The norepinephrine system, which is also modulated by MPH, has also been shown to affect gain modulation principles Nieuwenhuis et al., 2005) important for sensorimotor integration processes (Salgado, Treviño, & Atzori, 2016) . Conceptually, increasing gain control can be thought of as amplifying an information processing system's responsivity to input signals from multiple levels, that is, signals from sensory, motor or later higher level processes. It has been suggested that gain modulation reflects a general computational principle of the central nervous system (Salinas & Thier, 2000) .
Gain modulation is therefore evident from the sensory, cognitive (Salinas & Thier, 2000; Servan-Schreiber et al., 1990) to the motor levels (Greenhouse, Sias, Labruna, & Ivry, 2015; Thura & Cisek, 2016) .
However, since the P1, N1, P2 as well as the S-cluster reflecting bottom-up perceptual gating or attentional selection processes (Herrmann & Knight, 2001 ) did not show interactive effects in line with the behavioral data, it seems that gain modulation processes at the primary sensory processing level do not seem to play an important role in the context of perception-attention interactions during dichotic listening. Also, processes related to motor response execution are not differentially modulated as shown by the R-cluster data. This suggests that if gain modulation principles underlie the observed MPH effects during the resolution of perceptual-attentional conflict, these gain modulation effects occur in-between primary sensory and motor processes associated with inferior parietal areas. In fact, several lines of evidence suggest that parietal areas exhibit gain modulation processes dependent on behavioral context and attention (Bisley & Goldberg, 2010; Gottlieb, 2007; Niyogi & Wong-Lin, 2013; Salinas & Abbott, 1996; Salinas & Sejnowski, 2001) , and hence processes constituting perceptual-attentional conflicts as examined in this study.
A limitation of this study is that it remains unclear whether there are dose-effect relationships. Recent results indicate that MPH modulates perceptual decision making processes in a dose-dependent manner (Beste, Adelhöfer et al., 2018) . However, this study showed modulations in perceptual decision making processes only when using exactly the same MPH concentrations as used in the current study.
Higher concentrations did not modulate perceptual decision making. It can therefore not be ruled out that the effects observed in the present study are specific for the concentration level of 0.25 mg/kg bodyweight MPH. The fact that we were not able to detect a correlation between behavioral task performance and neurophysiological data in the MPH or placebo condition may be another limitation. Yet, the study was not designed to examine complex dose-response functions or similar complex (e.g., curvilinear) interrelations between neurophysiological data and behavioral data. Finally, another limitation is that the source localization analysis was not based on individual MR images; however, the reported sources are well in line with the literature.
In summary, the results show that MPH increased behavioral performance specifically in the condition with the most pronounced conflict between perceptual saliency and attentional focus. On the neurophysiological level, reliable MPH effects were observed after accounting for intraindividual variability in the data and when different coding levels were separated in the neurophysiological signal using temporal EEG signal decomposition. The results indicate that MPH modulates the onset latency of processes mediating stimulusresponse mapping or decision processes between stimulus evaluation and responding. Furthermore, it is shown that these modulations were shown to be associated with activation differences in the TPJ 
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